The aim of this study was to assess the incidence, clinicopathologic characteristics, prognostic factors, and treatment outcomes in lung large cell neuroendocrine carcinoma (LCNEC).
Background
Pulmonary large cell neuroendocrine carcinoma (LCNEC) is a rare, highly aggressive lung cancer subtype, accounting for about 3% of all lung cancers [1, 2] . LCNEC was introduced as a lung cancer classification in 1991, and is characterised by large cells with a neuroendocrine appearance under light microscopy, a high mitotic rate, a low nuclear-to-cytoplasmic ratio, abundant necrosis, and frequent nucleoli. These pathologic characteristics were used as standards for classification for lung LCNEC diagnosis by the World Health Organization (WHO) in 1999 [3] . The 2015 WHO standards have classified lung LCNEC, small cell lung carcinoma (SCLC), atypical carcinoids, and typical carcinoids together as neuroendocrine neoplasms [4] .
Lung LCNEC has a poor survival outcome. Local recurrence and distant metastasis are the main failure modes [5, 6] , and previous studies have shown a 5-year survival of 15-57% [5] [6] [7] [8] ; the large difference in survival rates may be due to sample size in these studies. Age, tumor size, cumulative tobacco consumption, neuroendocrine marker, tumor stage, and nodal stage have been found to be prognostic factors for lung LCNEC [5, 7, 9, 10] . Surgical treatment is the primary treatment for stage I-III LCNEC patients [6, 7, 11] ; however, the LCNEC subtype has a higher risk of tumor recurrence after surgery, even in stage I patients, and prevention of tumor recurrence by adjuvant chemotherapy after surgery is important [12] [13] [14] [15] . The optimal chemotherapy regimen remains unclear in this population, as does the effect of local treatment, including thoracic radiotherapy and prophylactic cranial irradiation (PCI) [16] [17] [18] .
Due to its low incidence and a lack of large randomized clinical studies, prognostic factors and survival in lung LCNEC remain controversial. The purpose of this study was to investigate the clinicopathologic characteristics, prognostic factors, and treatment outcomes in patients with lung LCNEC using data from the Surveillance, Epidemiology, and End-Results (SEER) dataset.
Material and Methods

Patients
The National Cancer Institute SEER program is a cancer registry that records data on cancer incidence, patient demographics, clinicopathologic details, first course of treatment, and outcomes, covering approximately 28% of the United States population. We obtained permission to access the dataset (authorization code: 13425-Nov2017). We searched the SEER database for patients diagnosed with lung LCNEC between 2000 and 2013 [19] . The histology of lung LCNEC is coded as 8013/3 in SEER, according to the International Classification of Disease for Oncology, 3rd edition. Our study did not require approval from our institutional review board, as patient information from the SEER dataset is anonymous.
Variables
The following variables were identified from the dataset: age at diagnosis, race/ethnicity, grade, tumor stage, nodal stage, surgical procedures, chemotherapy, radiotherapy, and marital status. The primary outcomes were lung cancer-specific survival (LCSS) and overall survival (OS).
Statistical analysis
Age-specific incidence rates were evaluated using the US standard population for the year 2000, and were presented as per 100 000 person-years. The chi-square test or Fisher's exact probability tests were used to compare patients' demographic, clinicopathologic, and treatment variables between treatment arms. Survival curves and rates were estimated using the Kaplan-Meier method and compared using log-rank test. Univariate and multivariate analyses were performed using the Cox proportional hazards model. Multivariate Cox regression models were performed using the backward Wald method. Statistical analyses were performed using SPSS, version 22 (IBM Corporation, NY, USA) and SEER*Stat software (version 8.3.5; http://seer.cancer. gov/seer stat/). All P values were 2-sided, with P values less than 0.05 considered statistically significant.
Results
Incidence rate
The total age-adjusted incidence rate for lung LCNEC was 0.3/100 000 for the period 2000-2013, and incidence in males and females was 0.4/100 000 and 0.3/100 000, respectively. 
Patient characteristics
A total of 2097 patients were identified. The median age was 65 years (range, 18-94 years). Most patients were male (n=1155, 55.1%), white (n=1747, 83.3%), married (n=1130, 53.9%), poorly/undifferentiated tumors (n=1004, 47.9%), and stage III-IV disease (n=1140, 54.3%) ( Table 1) .
Treatment
Across the entire cohort, most patients received surgical treatment (n=832, 60.3%). The percentages of patients receiving surgery at stage I, II, III, and IV disease were 88.7%, 88.3%, 32.6%, and 8.4%, respectively. Married patients and those at early tumor and nodal stage were more likely to receive surgical 
Prognostic analysis
The median follow-up time of these patients was 24.4 months (range, 1-179 months). Five-year LCSS and OS were 20.7% and 16.7%, respectively, with a median LCSS and OS of 12 months and 11 months, respectively. Five-year LCSS was 53.8%, 28.8%, 16.6%, and 3.2% (P<0.001; Figure 2A ) and 5-year OS was 43.9%, 24.1%, 12.7%, and 2.6% (P<0.001; Figure 2B ) in stages I, II, III, and IV disease, respectively. The median LCSS was 84, 20, 16, and 6 months in patients with stages I, II, III, and IV disease, respectively. In addition, the median OS was 44, 19, 14, and 6 months in stages I, II, III, and IV disease, respectively.
In univariate analysis, aged ≥65 years, male sex, advanced tumor and nodal stage, not undergoing surgery, not undergoing radiotherapy, and not undergoing chemotherapy were associated with poor LCSS and OS (Tables 2, 3 ). The results of multivariate analysis indicated that advanced tumor stage, advanced nodal stage, not undergoing surgery, and not undergoing chemotherapy were independent adverse indicators of LCSS and OS (Tables 2, 3 ). In addition, patients aged ³65 years and male sex were also the independent adverse indicators related to OS.
Subgroup analysis
We Figure 3A-3D ).
Discussion
For this study, we used a population-based approach to assess the clinicopathologic characteristics and prognosis of lung LCNEC patients and investigate their survival outcomes according to stage and treatment strategy. Our study indicates that although lung LCNEC subtype is related to a dismal prognosis, surgery can improve outcomes, even in patients with stage IV disease. However, the effect of radiotherapy in this population remains unclear.
The incidence rate of lung LCNEC increased during the study period, a similar finding to those of Derks et al. [20] and Varlotto et al. [21] . In our study, only 2 patients were diagnosed in 2000, and the incidence of lung LCNEC was significantly increased in 2001 and gradually increased over subsequent years. Table 4 . Adjusted hazard ratio for the effect of surgery on lung cancer-specific survival and overall survival of lung large cell neuroendocrine carcinoma patients by tumor stage.
CI -confidence interval; HR -hazard ratio; LCSS -lung cancer-specific survival; OS -overall survival.
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The reason for this increasing incidence of lung LCNEC is unknown, although a growing awareness of lung LCNEC may be the main reason for the perceived increase in incidence. In addition, the fact that pathologists began using the histologic diagnostic designation for lung LCNEC more often than before may be another potential reason for the increasing incidence of lung LCNEC after 2001.
Similar to results for non-small cell lung carcinoma (NSCLC), the optimal local treatment for stage I-III operable lung LCNEC was surgery. However, survival of lung LCNEC was significantly poorer than for NSCLC [5] [6] [7] [8] [9] . Patients treated with surgery had better survival outcomes than those who did not receive surgical treatment, regardless of tumor stage. Our findings raise the question of whether surgical treatment is necessary for this subtype at advanced stage.
Currently, systemic therapy remains the main treatment in stage IV disease. However, stage IV lung cancer is a group with highly heterogeneity. A study by Shin et al. [22] showed a significant difference in median survival time in patients with various metastatic (M) stages, with median survival times of 22.5 months, 17.8 months, and 13.6 months in patients with M1a, M1b, and M1c disease, respectively (P<0.001), indicating that treatment strategies may differ depending on M stage. Although the role of surgery in stage IV disease remains controversial, there have been several retrospective studies suggesting that the addition of surgery in selected NSCLC patients improves survival outcomes, especially for patients with small tumor burden and oligometastasis [23] [24] [25] [26] [27] [28] . A prospective randomized clinical trial has shown that in stage IV disease, patients with less than 3 metastatic lesions who received first-line systemic therapy, surgical treatment, or local radiotherapy had significantly longer progression-free survival (PFS) compared with patients treated with maintenance therapy (11.9 months vs. 3.9 months, P=0.005) [29] . We also found in our study that surgical treatment is an important part of comprehensive treatment in stage IV lung LCNEC. However, which subgroups can benefit from local treatment needs further investigation [30] .
Several previous studies have found a higher risk of tumor recurrence after surgery in lung LCNEC than in the NSCLC subtype, even in stage I patients [7] [8] [9] 31] , and that adjuvant chemotherapy is also associated with better survival outcomes in this disease [13] [14] [15] . Our study also demonstrated better outcomes for patients who received chemotherapy. However, the standard chemotherapy regimen in lung LCNEC remains controversial, and the use of different chemotherapy regimens can result in different outcomes. Whether the chemotherapy regimen for lung LCECC should refer to the regimens for NSCLC or SCLC is 3644 unclear. A prior study from Varlotto et al. [21] showed similarities in the clinical and pathologic features of lung LCNEC and large cell lung cancer, and they recommended a similar chemotherapy regimen for lung LCNEC to that of NSCLC. However, other studies have recommended that the chemotherapy regimens for SCLC are more appropriate to the lung LCNEC subtype [32] [33] [34] . A retrospective study by Sun et al. [35] compared the clinical effects of NSCLC and SCLC chemotherapy regimens used in advanced-stage lung LCNEC, finding that SCLC chemotherapy regimens are more suitable for lung LCNEC patients, although the difference was not statistically significant.
Due to a lack of prospective reports, the role of thoracic radiotherapy in lung LCNEC is also unclear. A study by Arsela et al. [16] of stage III-IV inoperable patients treated with cisplatin -etoposide-based chemotherapy with/without thoracic radiotherapy and PCI indicated that patients receiving thoracic radiotherapy had longer PFS (12.5 months vs. 5 months, P=0.02) and median OS time (28.3 months vs. 5 months, P=0.004) than those without thoracic radiotherapy. Metro et al. [36] found that prognosis was worse for patients with advanced inoperable lung LCNEC than that of SCLC patients, even after chemotherapy and thoracic radiotherapy. Our study showed that undergoing radiotherapy was not an independent prognostic factor in lung LCNEC patients, suggesting that the role of thoracic radiotherapy and PCI in lung LCNEC patients needs further investigation.
Several notable limitations in this study should be acknowledged. First, there is inherent bias in any retrospective study. Second, the reasons for the choice of different treatment strategies for patients were unknown. Therefore, several confounding factors cannot be ruled out. Third, the SEER program does not include detailed information about chemotherapy or radiotherapy, or the sequence of surgery and chemotherapy. Moreover, it has been shown that there are high rates of under-reporting for receipt of chemotherapy and radiotherapy in the SEER program. In addition, the decision-making regarding surgical treatment in stage IV patients was unclear.
It was hypothesized that patients undergoing surgical treatment had a better starting point (by being operable) at time of diagnosis, and that patients who had not undergone surgery were inoperable in the first place, so their tumor characteristics were worse or their fitness and status did not permit surgery. Finally, patterns of tumor recurrence and treatment history after disease recurrence were not recorded in the SEER database. The primary strength of our study is that it involves one of the largest population-based cohorts of patients with lung LCNEC, spanning 18 US registries, which allowed us to minimize the selection and surveillance biases observed with single institutions.
Conclusions
LCNEC is a rare lung cancer subtype with a dismal prognosis and increased incidence in recent years. The primary surgery may be associated with better outcomes in stage IV disease. More studies are needed to investigate the optimal treatment strategy for LCNEC.
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